Thermostable purine nucleoside phosphorylases, PUNPI and PUNPII, have been purified from Bacillus stearothermophilus JTS 859. The characterization of PUNPIwas reported previously. [Hori et al, Agric. Biol Chem. 53, 2205] PUNPII had a molecular weight of 113,000, consisting of 4 identical subunits (Mw28,000). The isoelectric point was 5.3. The Michaelis constants for inosine, guanosine, and adenosine were 0.22, 0.34, and 0.075 mM, respectively. The optimal temperature of the reaction was 70°C. The enzyme was stable at 70°C. Although other reported purine nucleoside phosphorylases were SH-enzymes, PUNPIIwas not a SH-enzymebecause the enzyme reaction was not inhibited by PCMBand iodoacetic acid, the optimal pH of the enzyme reaction was from 7.0 to ll.0, and the enzyme did not contain cysteine.
Wehave studied the practical application of ribosyl transfer reaction by thermostable PUNP and pyrimidine nucleoside phosphorylase (PYNP) (EC 2.4.2.2) at high temperatures.5) Wereported the purification and the characterization of a thermostable PUNP, PUNPI from Bacillus stearothermophilus JTS 859, and also the existence of another PUNP, PUNPII, in our previous paper.6) This paper 3219 describes the purification and the characterization of PUNPII. These two enzymes were different in their substrate specificity, specific activity, and thermal stability. Not PUNPI but PUNPII could catalyze the phosphorolysis of adenosine. The specific activities of PUNPI and II for insoine were 405 and 50.6 /xmol/min/mg protein at 60°C, respectively. PUNPI was stable at 80°C. PUNPII was stable at 70°C but was denatured at 80°C.
Materials and Methods
Microorganism. Bacillus stearothermophilus JTS 859, which produced thermostable purine nucleoside phosphorylases, was used as the enzyme source.
Chemicals. Inosine was purchased from Yamasa Chemicals (Tokyo).
Peptone A and yeast extract were purchased from Kyokuto Co. (Tokyo).
Culture conditions. Medium,containing (g/1 of water) Peptone A 20, yeast extract 10, glucose 3, inosine 1, and NaCl 3 (pH 6.0) was used for cultivation. Spores (3.2 x 107) on a slant were transferred to 2 1 of the medium in ajar fermentor. Cultivation was done at 680 rpm of two flat-blade impellers having 4 upper and 6 upper blades (impeller diameter 60mm) with 1.5vvm aeration at 65°C for 8hr. The pH of the medium was maintained from 5.9 to 6.2 by a pH stat during cultivation. The cells were harvested by centrifugation (10,000 x g, 4°C, 15 min).
Enzymeassay. The standard reaction mixture consisting of 20mMinosine, 20mMpotassium phosphate, and 50/il ofenzyme solution in a total volume of 1 ml (pH 7.0) was incubated at 60°C for 20min. 
Results
Purifica tion All purification procedures were done at room temperature except dialysis (4°C).
Twenty mMpotassium phosphate buffer (pH 7.0) used for purification is referred as "the buffer" in the text.
Step 1. Cell free extract. Cells (160g) suspended in the buffer (500 ml) were collapsed by a Dyno-mill KDL type (Willy A. Bachofen AC, Basel, Switzerland) for 3.6min. The buffer was added to the resulting suspension up to 1400ml. After centrifugation (8300 xg, 4°C, 20 min), 1300 ml of supernatant was obtained.
The precipitate was suspended in the buffer (500 ml) and the suspension was treated by the Dyno-mill (5 min) again. The buffer was added to the resulting suspension up to 1030ml.
After centrifugation (8300 xg, 4°C, 20min), the supernatant obtained was combinedwith the first supernatant.
Step 2. Heat treatment. The combined supernatant was kept at 63°C for 1hr with gentle agitation. After centrifugation (8300 x g, 4°C, 20min), 2130ml of supernatant was obtained.
Step 3. Acetone treatment. After adding a added to the supernatant. It was kept at 5~10°C for 15 min with gentle agitation. After centrifugation (9000 xg, 4°C, 5min), the collected precipitate was dissolved in the buffer (800 ml).
Step 4. Acid treatment.
The enzyme solution was adjusted to pH 4.5 with 1 Mphosphoric acid and kept at 4°C for 1 hr with gentle agitation. After centrifugation (8900 x g, 4°C, 1 hr), the pH of the supernatant was adjusted topH 7.0with 1mKOH.
Step 5. DEAE-TOYOPEARL 650M chromatography. The enzyme solution (800 ml) was applied on a column of DEAE-Toyopearl 650M (200ml) (Tosoh Co., Tokyo). The enzyme was eluted with the buffer (21) and further with each buffer (1 1) suppl ement ed with 50, 100, 150, and 200mM NaCl. The enzyme activity was found in two different fractions. The enzyme eluted with the buffer supplemented with 50mM NaCl (500ml), was named PUNPI, which was reported previously.^Another enzyme eluted with the buffer supplemented with 200mMNaCl (500ml), was named PUNPII and its purification and characterization is described in this report.
Step 6. Butyl Toyopearl 650S chromatography. Ammoniumsulfate (79.2g) was added to the enzyme solution followed by adjusting to pH 7.0 with 1m KOH. This solution was applied on a column of Butyl Toyopearl 650S (100ml) (Tosoh Co.). The enzyme was eluted with the buffer supplemented with 1.2m ammonium sulfate (100ml) (pH 7.0) and further with a linear ammonium sulfate gradient from 1.2m to 0m in the buffer (pH 7.0). The active fraction (37.5 ml) was collected.
Step 7. 1st TSKgel G3000SW chromatography. The enzyme solution was applied on a column ofTSK gel G3000SW (07.5 x 600mm) (Tosoh Co.). The enzyme was eluted with 200mMpotassium phosphate buffer (pH 6.8) at the flow rate at 0.5ml/min. After dialysis of the collected enzyme solution against the buffer, it was concentrated to 5.8 ml by ultrafiltration.
Step 8. TSK gel DEAE5PW chromatography. The enzymesolution was applied on a column ofTSK gel DEAE 5PW (Tosoh Co.).
The enzyme was eluted with a linear NaCl gradient from 0 to 375 mMin 20mMpotassium phosphate buffer (pH 8.0) at a flow rate of l.O ml/min.
Step 9. 2nd TSKgel G3000SWchromatography. The collected enzyme was applied on the column of TSK gel G3000SW again. The operation conditions were the same as described in Step 7. The collected enzyme solution was dialyzed against the buffer and it was used as the enzymesolution.
The enzyme, PUNPII, was shown to be homogeneous by SDS-polyacrylamide gel electrophoresis (Fig. 1) , by isoelectric focusing, and by gel filtration. The results of the purification are summarized in Table I .
Molecular weight
Molecular weight of PUNPII was 113,000 by gel filtration and to be 28,000 by SDSpolyacrylamide gel electrophoresis (Fig. 1 ). The enzymatic activity was measured by the method described in the text. was identified. The number of each of the amino acids per subunit was calculated based on the molecular weight of the subunit (28,000) (Table II) . Cysteine was not found in PUNPII. Effects of temperature on the reaction The reaction was done at 40~90°C (Fig. 2) . Hypoxanthine was synthesized with time up to 70°C, but heat denaturation was observed above 80°C. The optimal temperature was estimated to be 70°C. Whenthe reaction mixture was heated at 90°C for 1 hr without the enzyme, no hypoxanthine was released.
Effects of pH on the reaction
The effects of pH on the reaction were examined in potassium phosphate buffer and in several other kinds of buffer. Broad pH activity profiles were observed in both cases as shown in Figs. 3 and 4 . The optimal pH was from.7.0 to ll.0.
Substrate specificity and Kmvalues PUNPII could catalyze the phosphorolysis of inosine, guanosine, adenosine, 2/-deoxyinosine, 2/-deoxyguanosine, and 2/-deoxyadenosine but could not catalyze that of xanthosine or pyrimidine nucleosides. Kmvalues of these substrates were calculated as shown in Table III .
Effects of inhibitors on the reaction
The effects of sulfhydryl reagents on PUNPII were examined. PUNPII was not inactivated by 1 mM/?-chloromercuribenzoate (PCMB) or iodoacetic acid as shown in Table  IV . These results showed that sulfhydryl groups were not involved in the active site of PUNPII.
Thermostability of PUNPII Thermostability of PUNPII was examined at 70°C and 80°C, and the effects of the substrate (inosine) on the thermostability were also examined (Fig. 5 ). PUNPII was stable in (Table IV) , the optimal pH of the reaction was very broad, pH 7.0-ll.0 (Figs. 3,4) , the enzymatic activity was not changed at about pH 8.3 (cysteine SH pKa=S.3), suggesting that sulfhydryl groups were not involved in the active site of PUNPII, and the amino acid analysis showed that PUNPII did not contain cysteine (Table II) . PUNPII might be advantageous for practical applications due to the broad optimal pH range based on the non SHenzyme.
